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HYDROGEOLOGIC CORRELATIONS FOR SELECTED WELLS ON LONG ISLAND, NEW YORK--
A data base with retrieval program

By H. T. Buxton, D. A. Smolensky, and P. K. Shernoff

ABSTRACT

Accurate delineation of Long Island’s internal hydrogeologic
structure is integral to the understanding and management of the
ground-water system. The irregular extent and surface configuration
of Long Island’s seven major hydrogeologic units give the ground-water
system a complex internal structure. This report presents a computer-
ized data base of hydrogeologic correlations for 3,146 wells on Long
Island and adjacent parts of New York City. The data base includes
the well-identification number, the latitude and longitude of the well
location, the altitude of land surface at the well, the altitude of
the bottom of the drilled hole, and the altitude of the upper surface
of the major hydrogeologic units penetrated by the well. A computer
program is included that allows retrievals of selected types of data
for all or any local area of Long Island. These data retrievals are a
valuable aid to the construction of hydrogeologic-surface maps.

INTRODUCTION

Long Island extends approximately 120 mi eastward from the East River and
New York Harbor to Montauk Point (fig. 1). It contains the densely populated
boroughs of New York City (Kings and Queens Counties) in the west, suburban
Nassau and western Suffolk Counties in the central part, and areas of
farmlands and pine barrens in the east.

Ground water 1s the sole source of freshwater supply for the 2.6 million
inhabitants of Nassau and Suffolk Counties. About 500 Mgal/d was pumped from
the Island’s ground-water reservoir in 1981 for public supply, commercial, and
agricultural needs. This demand is expected to increase in coming years,
which will make proper resource management imperative.

Long Island’s geologic history has consisted of alternating periods of
erosion and deposition. The result 1s a sequence of aquifers and confining
units of irregular extent and surface configuration that give the ground-water
system a complex internal structure. This irregular internal geometry has a
large influence on the patterns and rates of ground-water flow. Ground-water
flow is retarded where the aquifers are separated by a confining unit but is
unimpeded where the intervening confining unit has been eroded or where
cut-and-fill deposition makes two aquifers laterally contiguous.

Knowledge of the internal hydrogeologic structure is necessary for
efficient resource management, which includes (1) designing future water-
development plans; (2) selecting sites for waste disposal; (3) locating and
tracking the movement of contaminants within the ground-water system; and (4)
mitigating other undesirable effects of man’s influence on the system, such as
streamflow depletion and saltwater intrusion.



Purpose and Scope

This report presents a computerized data base of hydrogeologic-unit
correlations for 3,146 wells on Long Island and adjacent parts of New York
City. The data base (at end of report) gives the altitude at which the upper
surface of each of seven major hydrogeologic units was penetrated and also
includes the location, land-surface altitude, and depth of each well.

The following sections discuss the hydrogeologic units and the well data
used to correlate surface altitudes for each unit; they also describe the
format of the data base and explain each element. Also included is a
description of a simple system of data retrieval that facilitates construction
of hydrogeologic maps with a computer program.

A report by Smolensky and others (in press) presents a set of maps
showing the configuration of the upper surface of these hydrogeologic units.
The correlations presented herein were developed during construction of those
maps and are consistent with their representation of the system geometry. The
data-retrieval methods described in this report were used during map
construction.
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Previous Investigations

Some previous hydrogeologic investigations that were completed on a local
scale were used as a starting point for this study. Krulikas (1981) and
Jensen and Soren (1971) evaluated the hydrogeology of Suffolk County, Kilburn
(1980) and Kilburn and Krulikas (1986) evaluated the hydrogeology of parts of
Nassau County, and Buxton and others (1981) evaluated the hydrogeology of
Kings and Queens Counties.
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HYDROGEOLOGIC FRAMEWORK

Long Island is underlain by unconsolidated deposits of clay, silt, sand,
and gravel that overlie southward-dipping consolidated bedrock (fig. 2). The
unconsolidated deposits are thinnest in northern Queens County (northwestern
Long Island) and thicken to the south and east to a maximum thickness of 2,000
ft at the south shore. These deposits contain several distinct geologic units
ranging in age from Late Cretaceous through Pleistocene, with some recent
deposits near shores and along streams. These units are differentiated by
age, method of deposition, and lithology in table 1.

In studies of ground-water availability and flow patterns, correlations
that are based strictly on geologic factors may not adequately describe the
internal structure of the hydrologic system; generally an interpretation in
which the units are differentiated on the basis of water-transmitting
properties is more useful. Thus, table 1 gives both the geologic units and
the corresponding hydrogeologic units and shows their stratigraphic
relationships. Eight major hydrogeologic units are indicated; these are, in
order of deposition, consolidated bedrock, the Lloyd aquifer, the Raritan
confining unit, the Magothy aquifer, the Monmouth greensand, the Jameco
aquifer, the Gardiners Clay, and the upper glacial aquifer. The two
hydrogeologic vertical sections shown in figure 3 depict the relative position
of these units in western and eastern Long Island, respectively. The Jameco
aquifer is present only in western Long Island (fig. 3A), and the Monmouth
greensand is present only in eastern Long Island (fig. 3B). A map showing the
extent and configuration of all units below the upper glacial aquifer is given
in Smolensky and others (in press). Other local hydrogeologic units have been
identified within the upper glacial deposits but are not discussed herein.
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Figure 8.--Generalized vertical sections showing major hydrogeologic units:
A. On western Long Island. B. On eastern Long Island.
(Locations are shown in fig. 1.)



CRITERIA FOR HYDROGEOLOGIC INTERPRETATION OF WELL DATA

Hydrogeologic well data included geophysical logs and drillers’ and
geologists’® descriptions of cores and other drilling samples. Lithologic,
mineralogic, and paleontologic evidence from these sources was used in
conjunction with a conceptual sedimentation model of the succession of
physical environments through Long Island’s geologic past to define the
altitude of the upper surface of each major hydrogeologic unit penetrated by a
well. Offshore seismic-reflection data (Grim and others, 1970, and Deborah
Hutchinson, U.S. Geological Survey, written commun., 1984) were also
considered. The surface altitudes of a unit at all wells were correlated to
form a surface consistent with Long Island’s geologic history.

ELEMENTS OF DATA BASE

Hydrogeologic well data from 3,146 wells throughout Long Island are given
in the data base at the end of this report. These include 1,559 wells in
Suffolk County, 830 wells in Nassau County, 462 wells in Queens County, 264
wells in Kings County, and 30 wells in the adjacent parts of New York City.
The locations of wells in Kings, Queens, and Nassau Counties and adjacent
areas are shown on plate 1; those in western Suffolk County on plate 2; and
those in eastern Suffolk County on plate 3. All elements of the data base are
explained in the following sections.

Well Identification

The State of New York requires that Long Island wells that pump more than
45 gal/min have a permit from the New York State Department of Environmental
Conservation (NYSDEC). 1In the permit process, the well owner files an instal-
lation report with basic well data with NYSDEC, who assigns a well number.
Other wells that are installed as geologic test holes or for collection of
other forms of hydrologic data are reported voluntarily and filed.

The prefix letter of the well indicates the county in which the well is
located, as follows: K, Kings; Q, Queens; R, Richmond (Staten Island); B,
Bronx; M, New York (Manhattan); N, Nassau; and S, Suffolk. Wells are assigned
numbers chronologically as they are reported.

Well Location

Each well has been plotted on U.S. Geological Survey 24-minute
topographic maps, and the latitude and longitude estimated to the nearest
second. A 5-second latitude-longitude grid is included on plates 1 through 3
to facilitate well location.

Well Altitudes

The altitude of land surface and of the bottom of the borehole is given
in feet above or below (-) sea level. Many boreholes are significantly deeper
than the completed well, and commonly the hydrogeologic information from the
backfilled part of the hole is of value in that it indicates the presence or
absence of a hydrogeologic unit at that depth.



Hydrogeologic Unit Penetrated and Altitude of Upper Surface

The altitude of the upper surface of any of the seven major hydrogeologic
units penetrated by a well is given in feet above or below sea level.
Altitudes facilitate correlation of these horizons among adjacent wells. 1In
areas where the hydrogeologic unit is believed present but its exact surface
altitude is difficult to identify, the term PRES (present) is entered. Where
the unit is believed present but no drillers?’ log or other geologic informa-
tion is available, the term NOREC (no record) is entered.

Adjacent Wells

Many wells are drilled in or near the same location; they may be
clustered for site-specific projects or may be one of several grouped together
in a well field. Only the most recent well at a location is labeled on plates
1 through 3; adjacent wells are included in the data base.

SELECTIVE DATA RETRIEVAL

Selective retrieval of information on individual hydrogeologic units is
useful in defining the configuration and extent of a unit and its relationship
to contiguous units. This section briefly describes a simple algorithm (and
FORTRAN program, table 2) that retrieves selected information from the data
base and prepares it in a form compatible with software available for plotting
maps of Long Island (G. W. Hawkins, U.S. Geological Survey, written commun.,
1984).

Program Documentation

A user can select pertinent information from nine fields in the data
base. These nine fields along with a blank field are:

Field Information

Well number

Altitude of hole bottom

Altitude of upper surface of Gardiners Clay
Altitude of upper surface of Jameco aquifer
Altitude of upper surface of Monmouth Greensand
Altitude of upper surface of Magothy aquifer
Altitude of upper surface of Raritan confining unit
Altitude of upper surface of Lloyd aquifer

Altitude of upper surface of consolidated bedrock
Blank field

OCWVWONOTUVE™WN =

[

The algorithm retrieves information from the selected field(s) and
creates a file of labels. The file includes the latitude and longitude of the
well for location, the symbol used for plotting the well on a map of Long
Island, and the desired label to be plotted at each symbol (labels are
selected from the above fields).



Table 2.--FORTRAN computer program for select

CHARACTER*6 NF(10),NA,NB,NC,NL

CHARACTER*1 NS,TEXTIN,NN
PRINT*"**************************************************’
PRINT*,?*%*%* PROGRAM - HYDROGEOLOGY RETRIEVE(HGR.F77) #%%»
PRINT*,*** GENERATES A LABEL FILE (FOR MLIPLOT) *kk
PRINT*,’#%* FROM THE HYDROGEOLOGY DATA BASE. Kk
PRINT*"**************************************************)
PRINT*, ****ENTER NAME OF HYDROGEOLOGY FILE’

CALL IFILE(15)

PRINT*, ****ENTER NAME OF LABEL CARDS FILE’

CALL OFILE(4,16)

PRINT*"*******************************************************’

NCHOP=INTIN(® ***ENTER 0 FOR ISLAND-WIDE RETRIEVAL, 1 FOR LOCAL’)
IF(NCHOP.EQ.0) GO TO 20

LNLAT=INTIN(® ***ENTER LAT OF NORTHERN EXTENT OF LOCAL AREA*#*%*?)

LSLAT=INTIN(’> ***ENTER LAT OF SOUTHERN EXTENT OF LOCAL AREA**%*?)

LELONG=INTIN(® ***ENTER LONG OF EASTERN EXTENT OF LOCAL AREA*#*%*’)
LWLONG=INTIN(® ***ENTER LONG OF WESTERN EXTENT OF LOCAL AREA**#*7)
CONTINUE

PRINT*"**************************************************’

PRINT*,**** THE DATA BASE HAS THE FOLLOWING *k%d

PRINT*,*** INFORMATION IN THE NOTED NUMBERED FIELDS. ***?
PRINT* , ? kkkkkkkkhhkkhkhhkhhhhhhhhhhhkrhhhhhkkhhhxhkhrhxhhht?

PRINT*,**%*% _ ]1- WELL NUMBERS *xk )
PRINT*,**%*%* - 2. ALTITUDE OF HOLE BOTTOM Fkkd
PRINT*,?*%*%* _ 3- ALT. OF GARDINERS CLAY Fkk )
PRINT*,?*** - 4- ALT. OF JAMECO GRAVEL Kk
PRINT*,**** _ 5. ALT. OF MONMOUTH GREENSAND Fk ks
PRINT*,**** - 6- ALT. OF MAGOTHY AQUIFER *kk?
PRINT*,**** _ 7- ALT. OF RARITAN CONFINING UNIT Kk
PRINT*,2%*%*%* _ 8- ALT. OF LLOYD AQUIFER *kk?
PRINT*,?*%*%* _ 9. ALT. OF BEDROCK *xk?
PRINT*,?*%*%* _10- BLANK FIELD(NO LABEL IN OPTIONS) *k%

PRINT*,’**************************************************’

NN=TEXTIN(’ENTER C TO CONTINUE?)
PRINT*, ? kkkkkkkkkhkhkhhhhkhhhkhhkhkhhhhdhrhhhhhhhkhkhhhhehhdrs?

PRINT*, ? *** THREE OPTIONS ARE AVAILABLE *kky
PRINT*”*** ___________________________ *kk?
PRINT*,?*** 1. LABEL WITH FIELD A IF: *kk
PRINT#*, ?*%* FIELD B IS NOT BLANK. *k%?
PRINT*,***%* 2. LABEL WITH FIELD A IF: *kk?
PRINT*, ? *%*% FIELD B IS BLANK *kk
PRINT*,**** 3. LABEL WITH FIELD A IF: *kk o
PRINT* , ? *%* FIELD B IS BLANK, AND *kky
PRINT*, **%* FIELD C IS NOT BLANK. *kky

NN=TEXTIN(’ENTER C TO CONTINUE’)
PRINT?, ? A hkkkkdkkhhkhkhhhkhhhkhhhhhkhhhdhhhxrrddrhhdrhhkrrhrhss

PRINT*, **%x
NOP=INTIN(® *** ENTER OPTION( 1,2 OR 3)*%*?)

10



trieval of hydrogeologic data.

OO0

(oM @]

PRINT*, ? %% »
NS=TEXTIN(® ***ENTER SYMBOL FOR WELL POINT ***?)
PRINT*, 2 %%x

NF(10)=’ ’

IA=INTIN(® ***ENTER FIELD FOR A *%%?)
IB=INTIN(® ***ENTER FIELD FOR B **%*?*)
IF(NOP.NE.3) GO TO 15

IC=INTIN(® ***ENTER FIELD FOR C **%*?)

15 PRINT*"**************************************************’

PRINT*,****  YOU HAVE THE OPTION TO HAVE THE INFO IN **x?
PRINT*, **%%* ONE OF THE FIELDS ADDED TO THE END OF Kk
PRINT*, > *%* THE LABEL CARDS FOR REFERENCE. k%2
IL=INTIN(® *** ENTER FIELD # FOR EXTRA LABEL*%%?)

READ DATA FOR A WELL

10 READ(15,8,END=99)NF(1),LAT,LONG, (NF(I),I=2,9)
8 FORMAT(A6,3X,16,1X,16,7X,A6,3X,A6, 1X, A6,
/ 1X,A6,1X,A6,1X,A6,1X,A6,1X,A6)

IF(NCHOP.EQ.0)GO TO 25

IF(LAT.GT.LNLAT.OR.LAT.LT.LSLAT) GO TO 10

IF(LONG.GT.LWLONG.OR.LONG.LT.LELONG) GO TO 10
25 CONTINUE

DEFINE FIELDS A,B,C AND L

NA=NF (IA)
NB=NF (IB)
IF(NOP.NE.3) GO TO 140
NC=NF (IC)

140 CONTINUE
NL=NF (IL)

GO TO (50,60,70),NOP
50 IF(NB.NE.’ ’) GO TO 5
GO TO 10
60 IF(NB.EQ.’ ') GO TO 5
GO TO 10
70 IF(NB.EQ.?’ > .AND.NC.NE.’ ’) GO TO 5
GO TO 10

5 WRITE(16,9)NS,LAT,LONG,NA,NL
9 FORMAT(’L 0 ',Al1,20X,16,1X,16,4X,A6,30X,A6)
GO TO 10
99 CONTINUE
STOP
END

11




One of three options can be selected:

(1) Label with field A if field B is not blank,
(2) Label with field A if field B is blank,
(3) Label with field A if field B is blank, and field C is not blank,

where A, B, and C are defined to be one of the ten fields listed on page 9.
Data can be retrieved on an islandwide scale or for a local area by defining
limiting latitudes and longitudes.

Sample Retrievals

The options provided by this program enable the user to retrieve selected
data and plot maps that are useful in defining hydrogeologic geometry, either
on an islandwide or a local scale. Several examples of data retrievals are
outlined below; an application to construct a hydrogeologic surface map is
presented also.

Example l.--Select option 1; designate field A equal to 1 (well number)
and field B equal to 6 (altitude of the upper surface of the Magothy
aquifer).

A file is prepared for use in plotting a map that shows the locations and
well numbers of all wells that penetrate the Magothy aquifer. (If field A
were designated equal to 6, the map would show the surface altitude of the
Magothy aquifer at each well).

Example 2.--Select option 3; designate field A equal to 10, field B equal
to 3, and field C equal to 6.

A file is prepared for use in plotting a map that identifies by a symbol
each well that does not penetrate the Gardiners Clay but contacts the
underlying Magothy aquifer. This indicates that the Gardiners Clay is absent
at this site and provides a guide to defining the extent of that unit.

Example 3.--Select option 3; designate field A equal to 2, field B equal
to 7, and field C equal to 6.

A file is prepared for use in plotting a map that shows the altitude of
the bottom of all wells that penetrate the Magothy aquifer but not the
underlying Raritan confining unit. The surface of the confining unit must be
below this altitude.

An example of a hydrogeologic-unit map constructed with this data-
retrieval system is shown in figure 4 (p. 14). This map shows the
upper-surface configuration of the Raritan confining unit. All data on the
map were retrieved from the data base through the discussed algorithm and are
as follows:

12



-- Upper surface altitude of the Raritan confining unit in wells where it is
overlain by the Magothy aquifer, in feet. These values indicate the
altitude of the unconformity between these units, a relatively flat
surface.

-- Upper surface altitude of the Raritan confining unit in wells where the
Magothy aquifer is absent. These values indicate the altitude of the
Cretaceous surface where it has experienced severe post-Cretaceous
erosion, especially during the Pleistocene.

-- Bottom altitude of wells that penetrate the Magothy aquifer but not the
Raritan confining unit. These values indicate the highest possible
surface altitude of the Raritan confining unit and are used to guide
contours where wells are not deep enough to penetrate the unit.

-- Locations of wells that do not penetrate the Raritan confining unit but
do contact older and stratigraphically deeper hydrogeologic units (the
Lloyd aquifer or unconsolidated bedrock), indicating that the Raritan
confining unit is absent at this location.

When combined, these data are a valuable aid to defining the surface
configuration of a hydrogeologic unit; they also facilitate definition of the
extent of a hydrogeologic unit and differentiation of the parts of the surface
that were shaped by differing geologic events or environments. Use of this
data-retrieval method is most advantageous in areas where typically layered
strata have been affected by severe erosion.

SUMMARY

The hydrogeologic data base and method of selective retrieval presented
in this report offer a method to obtain hydrogeologic data for any local area
on Long Island and provide the data in a format suitable for construction of
hydrogeologic maps. The data represent the upper surface altitudes of the
hydrogeologic units penetrated in 3,146 wells on Long Island and surrounding
parts of New York City. The surface altitude of each hydrogeologic unit at a
well was inferred through inspection of lithologic, mineralogic,
paleontologic, and geophysical data collected from the well and by correlation
of surface altitudes in nearby wells. The resulting series of correlated
surface altitudes were used to define the surface configuration of the
hydrogeologic units on a set of maps by Smolensky and others (in press).

As additional hydrogeologic data become available, reevaluation of
correlations with nearby wells and concurrent adjustment of the data would be
advisable so that the data base will accurately represent the hydrogeologic
structure of Long Island’s ground-water reservoir.

13
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Figure 4.--Selected hydrogeologic data and estimated configuration of
the upper surface of the Raritan confining unit in northern
Queens County.
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EXPLANATION TO FIGURE 4

*-60 UPPER SURFACE ALTITUDE OF RARITAN CONFINING UNIT--
where Magothy aquifer is overlying, in feet below NGVD of 1929.

® 3 UPPER SURFACE ALTITUDE OF RARITAN CONFINING UNIT--where Magothy
aquifer was eroded away, in feet below NGVD of 1929.

X 114 ALTITUDE OF BOTTOM OF WELL THAT CONTACTS MAGOTHY AQUIFER BUT
NOT RARITAN CONFINING UNIT--in feet below NGVD of 1929.

@) WELL THAT DOES NOT CONTACT RARITAN CONFINING UNIT BUT DOES CONTACT
AN UNDERLYING UNIT.

*PRES UNIT IS BELIEVED PRESENT BUT ITS SURFACE ALTITUDE IS UNDEFINED AT
THIS WELL.

NOREC NO BOREHOLE INFORMATION IS AVAILABLE IN THE INTERVAL WHERE THIS
UNIT IS BELIEVED PRESENT.

s weems EXTENT OF RARITAN CONFINING UNIT.

~——-50—— LINE OF EQUAL UPPER SURFACE ALTITUDE--contour interval 50 and
100 feet. Datum is NGVD of 1929.

AREA WHERE RARITAN CONFINING UNIT IS UNCONFORMABLY OVERLAIN BY
MAGOTHY AQUIFER.

4044, 7351 DEGREES AND MINUTES OF LATITUDE AND LONGITUDE, RESPECTIVELY.
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DATA BASE

Upper Surface Altitudes of Major
Hydrogeologic Units at 3,146 Wells on Long Island, New York

(Locations are shown on plates 1, 2, 3)

NOTES

Well identification

Prefix letter (column 1) indicates county in which well is located:

K = Kings B = Bronx

Q = Queens M = New York (Manhattan)
S = Suffolk N = Nassau

R = Richmond (Staten Island)

Hydrogeologic unit penetrated

The term PRES (present) is entered for wells where the
hydrogeologic unit is believed present but its surface altitude is
difficult to identify. Where the unit is believed present but no
drillers’ log or other geologic information is available, the term
NOREC (no record) is entered.

Other abbreviations

Mon. greensand = Monmouth greensand
Rarit. conf. unit = Raritan confining unit

Remarks
Veatch 65 - indicates well number used in Veatch (1906).

NR -10 to -30 - indicates no hydrogeologic records are available from
10 to 30 feet below sea level.
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